Abstract. A digestibility trial, designed as a 5*5 Latin square, with growing pigs was conducted to investigate the effect of cooking and enzyme treatment of barley on digestibility and nitrogen utilization. In addition, two piglet performance trials were conducted to investigate the effect of hydrothermal processing of barley and soybean meal and enzyme supplementation of piglet feeds on performance and health status.
Introduction
The purpose of hydrothermal processing of feed raw materials is to rupture the cell wall matrix and modify the chemical structure of the constituents in order to render them more susceptible to enzyme degradation in the small intestine, thus improving the digestibility and utilization of the nutrients. Furthermore, heat treatment of soybeans, beans and peas has been shown to decrease the content of antinutritional factors such as trypsin inhibitors, lectins and tannins leading to an increased feeding value (Huisman and Van Der Poel, 1987) .
Starch is the main constituent in cereals and hydrothermal processing causes changes in the structure of the starch granules, which increase their degradability (Fernandes et al., 1975; Lawrence, 1972; 1973 a) . Carbohydrates present in the gut for a long time may constitute substrates for microbial proliferation, resulting in the formation of useful or noxious substances.
Non-starch polysaccharides (NSP) and lignin, a mixture of compounds known as fibre, are poorly digested by the pig. The amount and type of dietary fibre influence the digestibility of nutrients. The higher the content of fibrous material in the diet, the greater also the proportion of dietary and endogenous fat, starch etc. being transferred to the large intestine probably due to a reduced transit time allowing less time for enzymatic digestion in the small intestine (Just, 1983) . Gel-forming polysaccharides such as the beta-glucans together with pentosans are the main components in barley endosperm cell walls. Like barley, oats also contains relatively high amounts of beta-glucans, whereas wheat only contains small amounts (Aman, 1987) .
Soluble beta-glucans form viscous solutions and in the intestine and tend to gel the contents. These gels restrict diffusion of products of digestion and make it difficult for the nutrients to reach the absorptive surface (Krogdahl, 1987) . Both water and more effectively beta-glucanase treatment of barley have been shown to reduce extract viscosity and decrease the molecular weight of soluble beta-glucans and pentosans (Hesselman, 1983) .
The effect of hydrothermal processing on the digestibility and feeding value of cereals has been elucidated in many experiments. The results from processing e.g. wheat and barley have not been consistently positive (Danielshn, 1986 , Lawrence, 1973 b, Kneale, 1972 ).
An explanation for this could be a decreased availability of the amino acids due to heating. In fact, heat processing of cereals has been shown to decrease nitrogen solubility (Papasolomontos and Wilkinson, 1976) and to reduce the availability of e.g. lysine (Hurrell and Carpenter, 1981) .
Alternatives to the conventional processes are of great interest, while it seems that they are connected with some risks regarding the effect on protein quality and production efficacy. In addition, these processes require substantial amounts of energy, which increases the costs of the processed raw materials. The objective of this report was to elucidate the effect of enzyme treatment of cooked barley on ileal and faecal digestibility and nitrogen balance in pigs. In addition, two performance trials were conducted with piglets to investigate the effect of hydrothermal processing of barley and SBM and enzyme supplementation of piglet diets.
Materials and methods

Digestibility trial
This trial was carried out at the Department of Animal Husbandry of the University of Helsinki.
Animals and management
Five crossbred (L*Y) castrates, averaging 40 kg LW, were surgically fitted with metallic T-shaped cannulas in the terminal ileum, approximately 15 cm anterior the ileocaecal junction, according to the technique described by Jonsson (1985) . Five days after surgery, the pigs were transferred to metabolism cages, where they were housed during the trial. The design of the cages permitted separate collection of urine and faeces.
Equal amounts of feed, mixed with water (ratio 1:1), were offered three times a day at 0700, 1500 and 2100 h. The average feed intake was 1600, 1800, 2000, 2200 and 2400 g per day during the five consequtive experimental periods, respectively. Additional water was offered ad. lib. after each feeding, and consumption was recorded during the collection periods.
Each experimental period consisted of a 6-day standardisation, a 4-day faecal collection and a 2-day ileal collection period. Faeces were collected for 96 hours starting at 0830 h on day 6 of each experimental period. During days 11 and 12, samples of ileal digesta (50 ml) were collected eight times a day with two hour intervals, starting at 0700 h. Each sample was frozen immediately after collecting. Prior to analysis, samples were thawed and mixed. Goering and Van Soest (1970) . Reducing sugars were determined with the dinitrosalisylic acid (DNS) method (Miller, 1959) The piglets were accustomed to the experimental diets from one week of age and had free access to the diets from two weeks to the end of the trial at seven weeks of age. The feeds were provided in self-feeders. Water was provided through nipples and available continuously.
The piglets were weaned at 5 weeks by removing the sow from the farrowing pen, in which piglets stayed until the end of the trial.
The diets were formulated to have similar chemical composition. In diet 1, barley and SBM were untreated. In diet 2 and 3, all barley and SBM were replaced with cooked barley and extruded SBM, respectively. Because the raw materials were processed at a different feed mill than the one in which the feeds were compounded, different batches were used for diet 2 and 3 than for diet 1. These unfortunate circumstances resulted in a lower CP levels in the first diet. To get diet 3, an enzyme mixture containing alfa-amylase, cellulase and protease was added to diet 2. Crude protein, lysine and energy contents of the diets were calculated to be 185 g/kg, 11.5 g/kg and 1.05 FU/kg (14.1 MJ ME/kg, respectively. The composition of the diets is shown in The piglets were individually weighed at the beginning and at the end of the trial. The feeders were refilled once a day according to feed consumption and the amounts were recorded.
During the trial, the health status of the piglets was monitored and in case of diarrhoea, affected piglets were treated with an antibiotic (Orimysin).
Analytical methods
Feed and amino acid analyses were carried out according to the methods described above.
Enzyme activities of the feeds were measured at the Finnish Sugar Research Centre. Alfaamylase activity was determined by using the Phadebas Amylase Test (Pharmacia). Betaglucanase activity was determined by measuring the rate of production of reducing sugars (Miller, 1959) when beta-glucan was used as a substrate at pFI 5.0 and 30°C. Protease activity of the feeds was determined according to the method by Matsubara et al. (1958) using casein as a substrate.
The energy content of the diets was calculated according to referred values of theFinnish feed tables (Salo, et ai. 1982 (Fernandes et al., 1975; Lawrence, 1973 a) or heated (Kneale, 1972) . Ether extract and crude fibre content of the enzyme-treated barleys were somewhat higher than in BC.
Also the NDF and ADF content of the enzyme-treated barleys were higher than in BC. The increased levels of NDF may contain some Maillard products, which had escaped the hydrolyzation of the analysis (Van Soest, 1982) .
The effect of enzyme-treatment on the release of reducing sugars and glucose is shown in table 3. Barley contains about 0.1 %of glu- (Hurrell and Carpenter, 1981) . The marked increase in the concentration of reducing sugars in the enzyme treated barleys seems to have increased the incidence of these reactions.
Apparent digestibility
Due to problems in obtaining representative samples of the ileal digesta and in recovering the chromic oxide, the results of the ileal digestibility of the diets were too confusing to be interpretable. Therefore, these results will not be presented in this paper.
The apparent digestibility (AD) coefficients of the diets, determined by direct assay, are presented in table 5. The AD of ground barley was similar to that reported by Näsi (1984) , with the exception of AD of CF, which was higher in the present trial.
Micronization of barley increases the digestibility of DM, nitrogen and gross energy (Fernandes et al., 1975; Lawrence, 1973 a CF, which consequently also was seen as a reduced AD of OM and CCH. The low AD coefficients of CF and the detergent fibre fractions of the enzyme treated barleys are probably a result of the action of the enzymes.
Treating BC with enzymes yielded reducing sugars mainly from starch, but to some extent from some fiber fractions leaving more insoluble fractions intact. The residual fibres are thus even less digestible.
In young pigs, beta-glucanase supplementation of barley has improved performance and the digestibility of energy (Thomke et al., 1980 ) and crude protein (Markström et al., 1985) . In a digestibility trial with pigs from 30 to 50 kg Lw Graham et al. (1986) did not obtain any significant improvement of the digestibility when a barley-based diet was supplemented with beta-glucanase. The apparent ileal digestibility of beta-glucan was found to be 68 % in the unsupplemented and 72.3 % in the supplemented diet (p>0.05). These values corresponds well to the ones of 76 -82.2 % reported by Weltzien and Aherne (1986) working with somewhat heavier pigs. Thacker et al. (1988) reported improvement in the digestibility of dry matter, crude protein and digestible energy of beta-glucanase supplemented hulless barley in pigs weighing 40 kg. However, these improvements in the digestibility were not reflected in significant improvements in the performance of the pigs.
In performance trials, enzyme supplementation of barley based diets have improved the feeding value of the diets for pigs (Collier and Hardy, 1986; Newman, 1983) . In the present trial, cooking markedly increased the digestibility of barley leaving less potential for improvements by the enzyme treatments.
The N-balance of the treatments is shown in table 6. Nitrogen intake and absorption was highest on treatment 2 and lowest on treatment 1, resulting in the highest apparent digestibility of N on treatment 2 with slightly lower values for the enzyme treatments. Urine nitrogen excretion, however, was highest on treatment 2 and lowest on treatment 3, resulting in the highest N retention for this latter treatment. The amount of nitrogen retained, calculated as per cent of both N intake and absorption, was higher on all enzyme treatments than on treatment 1 and 2. Consequently, biological value of the nitrogen was improved by the enzyme treatments. Due to large variation within treatments, none of the parameters was significantly different.
Zebrowska (1973) showed that nitrogen absorbed from the large intestine was excreted in the urine, and did not contribute to the protein synthesis of the pig. Just (1982) calculated the energy excretion into the urine to be 30.6 kJ/g nitrogen (included in urea and other nitrogenous substances).
It is a well known fact that the higher the nitrogen intake the higher the AD of the nitrogen. The unabsorbed nitrogen arriving in the large intestine will, depending on the amount of fermentable substrates available for the microbes, either be incorporated in to the microbial tissue or deaminated and absorbed as NH 4 and subsequently excreted in the urine as urea. The decreased N excretion in the faeces and the increased N (and urea) excretion in the urine on treatment 2 (BC) suggest that cooking of barley improved the absorption of carbohydrates in the small intestine leaving less substrates for microbial fermentation and proliferation in the large intestine. This is in good accordance with the AD values of OM and NFE. On the enzyme treatments the average N intake, absorption and urinary N were approximately 4 g/d less than on treatment 2, resulting in a relatively better N utilization, shown as higher BV values.
Lawrence (1973 a) did not find any improvement in nitrogen retention, when barley and maize were micronized and fed to pigs. The results from this present trial, however, indicate an increased nitrogen (amino acid) absorption in the small intestine resulting in an improved protein utilization following both cooking and the subsequent enzyme treatment of barley. The decrease in available lysine content of the enzyme treated barleys did not seem to have any adverse effect on protein utilization. In the small intestine starch is hydrolyzed by a variety of enzymes including e.g. amylases, maltases and glucoamylases, and is degraded into glucose, which can be rapidly absorbed by the mucosa (Kidder and Manners, 1978) . The rate of glucose absorption from various sources varies from one carbohydrate to another and from one intake level to another (Rerat, 1985) . The first peak of sugars in the portal blood was reached very quickly (45 min.) after glucose and sucrose intake, but later (2 hrs.) after intake of maize starch. Large amounts of starch were found in the digestive tract 8 h after the meal, whereas absorption of glucose and digestion of sucrose was much advanced.
Irrespective of the type of carbohydrate, its degradation in the large intestine leads to the production of acetic, propionic, butyric (VFAs) and lactic acid and small amounts of other organic acids in addition to ethanol, carbon dioxide, methane, hydrogen and small amounts of other gases. The organic acids are readily absorbed and serve the body as an energy source (Just, 1983) . According to Low (1980) , VFA may provide 2-3 % of the apparently absorbable energy intake of growing pigs. However, the higher the VFA concentration in faeces, the lower the utilization of ME (Just, 1983) . Feeding values of the differently treated barleys were calculated using the digestibility coefficients of the nutrients obtained from the digestibility trial. The results are presented in table 7. Cooked barley had the highest energy value followed by BC + AC, BC + AG, BC + A and B, in that order. On ME basis, the energy content of BC was 7.3 % and that of BC +A, BC +AG and BC +AC 1.3, 1.8 The chemical composition of the diets is shown in table 8. Different batches of barley and SBM were used for processing and, consequently, the crude protein content of diets 2 and 3 was 0.8 ®7o higher than in diet 1. Also the sodium chloride content was higher in diets 2 and 3. The amino acid contents of the diets were similar. Due to a dosage mistake, however, double amounts of L-threonine was added to diet 2, which can be seen as a higher threonine content in that diet.
Piglets on treatment 1 had significantly (p<0.05) higher live weights at 8 weeks of age and gained significantly (p<0.05) more Extrusion of barley decreased DWG and resulted in a higher feed conversion ratio than untreated barley (Danielsen, 1986) . A decreased availability of amino acids, caused by the heat treatment (140°C), could explain the inferior performance. In the present trial, however, the amount of available lysine was slightly higher in diets 2 and 3. Steam-cooking (autoclaving, 100 and 120°C), drum drying (I2O°C) (Danielsen, 1986) , steam flaking (Aumaitre, 1976) Lawrence, 1973 a) of barley improved DWG and feed utilization compared with untreated barley. In contrast, extrusion of a barley-wheat mixture (50 : 50) did not improve piglet performance. Neither did drum drying (115--155°C) of wheat, rye and barley improve performance of earlyweaned piglets from three to seven weeks of age (Danielsen, 1986) . Performance of pigs between 33 and 80 kg LW was not improved by micronization of barley (Fernandes et al., 1975) . Also flaking of barley resulted in poorer growth rates and feed utilization in bacon pigs (Lawrence, 1972) . Again, a decreased availability of amino acids, caused by the heat treatment, could possibly explain the poor performance results.
As was reported above, cooking barley significantly increased the apparent digestibility and energy value. In addition, extrusion of SBM increased the digestibility and improved performance of pigs, although not significantly (Näsi, 1987) . According to these results, an improved piglet performance could be expected when cooked barley and extruded SBM are fed together in the same diet. However, the results from the present trial suggest that the heat processing methods used (T> 130°C) had a negative effect on the nutritive values of the feeds.
Enzyme supplementation of diet 2 (treatment 3) did not improve piglet performance.
If, as could be concluded from these results, cooking and extrusion had a negative effect on the nutritive values of barley and SBM, respectively, enzymes cannot be expected to reverse this effect usually being a result of irreversible reactions (e.g. Maillard). Consequently, the lack of response seems quite logical. Health status of the piglets on treatments 2 and 3 was inferior to that of piglets on treatment 1 (table 10). Diarrhoea index of treatment 3 was on the same level as on treatment 2, whereas treatment 1 had a markedly lower index (p< 0.005). Mortality percentage on treatment 2 was higher (p<0.05) than on the other treatments. As mentioned above, the elevated levels of sodium chloride in diets 2 and 3 may have increased the incidence of diarrhoea on those treatments. Aumaitre (1976) reported increased frequency of diarrhoea following steam flaking and popping of barley. This was explained by the slightly higher feed intake from the very first days following weaning. In the present trial, however, feed intake was highest on treatment 1. Piglets on treatment 2 had the highest mortality both before and after weaning. Seven litters our of twelve on treatment 1 were not affected by diarrhoea. Corresponding figures for treatment 2 and 3 were 6 and 4, respeclively. None of the litters were medicated due to diarrhoea.
The sodium chloride content of diets 2 and 3 was markedly higher than in diet 1. It is well known that high intake of salt causes symptoms such as increased water consumption, which can lead to diarrhoea and edema (Wright, 1972 ). An increased occurrence of diarrhoea was recorded on treatments 2 and 3 (table 10). It is not possible to find out to what extent this was caused by the elevated sodium chloride levels.
Trial 2
The chemical composition of the diets did not differ exept regarding the lysine content and enzyme activity (table 8). The lysine content of diet 2 was slightly higher than in diet 1. The results from the enzyme activity analysis indicate high levels of natural activity, especially of beta-glucanase and protease. The marked improvement of performance by the higher inclusion level of enzyme activities indicate that the digestive capasity of young pigs can be enhanced by enzyme supplementation of the diet. Enzyme pre-treatment of barley, using a mixture of carbohydrate, starch and protein degrading enzymes, markedly decreased the incidence and severity of post-weaning diarrhoea (Inborr and Ogle, 1988) . Thomke et al. (1980) reported improved performance of piglets when fed high viscosity barley supplemented with betaglucanase. Accordingly, Collier and Hardy (1986) and Newman (1983) reported improved performance of pigs following enzyme supplementation of barley-SBM based diets.
Conclusions
Cooking of barley significantly improved the digestibility of barley. A subsequent enzyme treatment of the cooked barley decreased the digestibility to the same level as before cooking. This may have been a consequence of the browning reactions between reducing sugars and lysine resulting in poorly digestible complexes. This was indicated by the markedly elevated concentrations of glucose and the decreased amounts of available lysine in the enzyme treated barleys.
The results from the N balance measurements indicate a change in the availability of the energy following the treatments of barley. All treatments seemed to improve the energy uptake from the small intestine, but the enzyme treatments resulted in a relatively better N utilization than cooking.
In the piglet performance trials enzyme supplementation of the diets did not give any conclusive results. In trial 1, the lack of response was probably a consequence of the inclusion of heat damaged raw materials (cooked barley and extruded SBM, T>l3o°C), resulting in impaired performance. In trial 2, an increased enzyme activity inclusion rate in a diet containing hydrothermally treated barley and SBM (T <6O°C) resulted in improved performance, suggesting that more gentle heat processing methods would be preferable in order to leave more potential for supplemental feed enzymes.
